INTRODUCTION.
I have to apologize for attempting to deal with a subject of such magnitude in a comparatively short paper. I feel I cannot possibly discuss the condition and the research work in full detail and so do justice to a disease of such importance. During the two expeditions I made to Rhodesia I have accumulated an immense amount of statistical and pathological material and it will require a long period to study and correlate all the facts. This I intend to do in a forthcoming monograph. While, therefore, I cannot hope to deal with this subject in all its aspects, I propose to place before you some observations of interest. I acknowledge with gratitude the great kindness shown to me by the Administration of Southern Rhodesia, by Sir Drummond Chaplin, Dr. Fleming, C.M.G., the Medical Director, and by all the medical men in the territory.
HISTORICAL.
The history of blackwater has been carefully investigated and described by various authors, and no research work on this subject could be complete without it, because a study of the earliest recognition of the condition throws a peculiar light on one of the factors necessary for its production. Although malaria, in its different clinical forms, was known and described by Hippocrates, no recognizable description of himoglobinuric fever exists, so far as we know, till the middle of the nineteenth century. This apparently late appearance of a disease exhibiting such serious symptoms has. been a matter of wonder to medical men, and has led to the erroneous belief that it was a disease of recent origin and also a condition suti generis.
The late recognition of such a well marked condition in Europe was due to several factors, the most important being the exploration and development of the tropics by non-immune white races, and finally the settlement in these areas for the development of trade and agriculture. Attention, however, having been drawn to the clinical aspects, the disease was soon described in widely spread areas.
The French physicians Lebeau (1851) [1], Le Roy de M6rincourt (1853) [2], and Daull6 (1857) [31 reported blackwater from the north-west of Madagascar. Varettas [4] and Konsola (1858) noted it in Greece as occurring after quinine administration. Early mention of the disease also occurs in the American literature, the first account being given by Cummings in 1859.
Although this disease was recognized and described by the French, Greeks and Americans in various parts of the world, it is a striking fact that no distinct mention of it is made in the English literature until comparatively recent times. Easmon (1884) [61, Prout (1891) [71, Manson (1892) [9, 10] and Crosse (1892) [81 all wrote on this condition and this, combined with the discovery of Ross, in 1898, of the transmission of malaria by mosquitoes, seems to have stimulated English workers throughout the world in the study of tropical diseases. The earliest French and American observers seem to have connected the disease with tropical malaria, but Manson and Sambon supported the theory that it was a disease sui generis.
Since then, however, the great majority of observers agree that blackwater fever is the result of severe malignant infection especially associated with the tropics, and in those areas where the endemic index is high (Daniels (1900) [15] , Stephens and Christophers (1900) [141, Christophers and Bentley (1908) [18] , Deeks and James (1911) [22] , &c.). The more recent literature on the subject is still more convincing, and every day new evidence accumulates to implicate malaria as the primary-factor necessary before blackwater fever appears. Apart from this, in my experience it is the almost universal opinion of all medical men who have spent years in the endemic areas that blackwater is an end-symptom of chronic, neglected, and improperly treated tropical malaria and this is the unanimous medical opinion in Rhodesia. The history of this disease, therefore, emphasizes two factors necessary for the production of blackwater fever, viz.: malaria, and the introduction of non-immune races into those areas where the malarial endemic index is high. THE CO-RELATION OF MALARIA AND BLACKWATER FEVER.
There are three factors which can be investigated in considering the close association of these two conditions; viz.: (1) The seasonal incidence, (2) the association of malarial parasites with the attack, and lastly (3) the clinical history of malaria. In considering these three points there are other important features to be considered, such as the species of parasite concerned, the infantile endemic index, the length of residence of non-immunes in the endemic area, the mode of living and the method employed in the treatment of malaria, and, finally, the relationship of all these factors in the determination of the geographical distribution.
(1) The Co-relation in the Seasonal Incidence of M!alaria and Blackwater Fever.
That the seasonal incidence differs is one of the arguments against the relationship. This can only be investigated thoroughly by the study of numerous cases over a period of years; and statistics of the number of cases of malaria and blackwater occurring each month must be kept if reliable results are to be obtained. The collection of such figures over the large areas in the tropics is extremely difficult. The most reliable figures are those supplied by hospitals and laboratories but these cannot be claimed as giving anything approaching the actual number of cases occurring in a given area unless notification is practised. The only known method by which more complete records of cases of blackwater fever could be accumulated would be by making a compulsory notification in various parts of the world. Such notification could be made in a form as suggested by Stephens (1914) .
In Southern Rhodesia this year, Dr. Fleming sent out a form modified according to Stephens' suggestion and, further, every medical man in the territory was instructed to notify any case of blackwater fever by wire. On receipt of a telegram, if the case was at all accessible, I paid a personal visit to the district.
If the distance was too great the medical man in charge was instructed to take blood films and send them direct to the Research Laboratory at Salisbury.
If the form sent out is too complicated the results obtained from filling it up are most unsatisfactory and in a great majority of cases absolutely unreliable.
I came to the conclusion that the form as sent out by me in Rhodesia left much to be desired, but on the other hand a considerable amount of information was acquired from the records supplied. Deeks and James (1911) [22] showed a comparison between the epidemiology of malaria with that of blackwater fever in the Panama Canal zone. From July, 1904 , to September, 1910 , there were 40,928 cases admitted to Ancon Hospital diagnosed as malaria and in the same period 232 patients were admitted who were suffering either from bhemoglobinuric fever or its after effects, or who contracted the disease after admission. These observers used charts and histories of 230 cases of blackwater in their investigation and came to the following conclusions, viz., that the incidence of malaria in the ISoL*TE ti RwaoDESIA.
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OcT. T conditions. In order to illustrate this relationship I have prepared a chart (see p. 49) showing the seasonal relationship between malaria and blackwater fever over a period of ten years, and I might add that this relationship each year remains constant. I publish below a table giving the exact numbers of malaria and blackwater fever treated in hospitals each month during the years 1913 to 1923 inclusive. In Southern Rhodesia, therefore, we have a definite seasonal incidence of the two diseases and from this we may conclude that either malaria and blackwater are one and the same disease or that they are transmitted by the same biting insects or insects with similar habits. Dudgeon (1920) [44], in his investigations into blackwater fever amongst the troops in Macedonia, does not show any definite seasonal relationship to& malaria as would be expected from the above findings. In Macedonia the disease occurred at the period in each year when malignant tertian was at its lowest limit, and, further, the period of lowest death-rate from malaria was the period of highest blackwater fever incidence. We must remember, however, that factors to be considered in war conditions are in no way comparable to those met with amongst a community permanently settled in the various parts of Rhodesia and elsewhere in the tropics.
(2) The Association of Malarial Parasites with Blackwater Fever.
The most important point to remember in reviewing this is that it is a well established fact that if no parasites are found in a blood film of a case clinically malaria it does not mean the patient is free from malarial parasites. This cannot have been realized by those who put forward the argument that blackwater fever cannot be accepted as malarial in origin owing to the large number of cases of the disease which show no evidence of malarial parasites in the blood. Stephens and Christophers drew attention to the absence of parasites from the peripheral blood in cases afterwards definitely proved to be malaria, and I may state that this is particularly the case in infections with malignant tertian. In Rhodesia, although a first examination of a film of -malaria often shows parasites, yet, on the other hand, I encountered several cases with raised temperatures and no quinine taken, in which I was able to demonstrate parasites only by examination of a film on the second or third day. To those who are acquainted with the asexual life cycle of the malignant tertian parasite this is easily explained. Further, it has often been stated by those opposed to the malarial causation of blackwater that the infection with parasites as shown by the examination of a blood film could not explain the severity of the symptoms. Here, again, I might simply point out that the examination of a blood film in pernicious malaria is no measure of the infection, for at the time such a film was taken practically all the parasites might be in the internal organs.
Deeks and James (1911) [22] state that in the Panama out of 40,928 cases of diagnosed malaria only 23,410 showed parasites at the time of examination. Many of these cases probably took a dose of quinine before the blood examinations, and so still further reduced the chances of a positive finding. Another factor not fully realized is that examination of a blood film does not exclude an infection with two or three species of parasites. Acton, Rennie, Curjel and Dewey (1921) [46], in 102 cases of malaria in which malignant tertian had been found and in an area where re-infection could be excluded, found that sixty-four of these suffered at another date from a benign tertian infection. I have seen many cases of a similar character, and recently Dr. Newham showed me a film in which all three species of parasites were present at the same time. That mixed infections occur and are perhaps commoner, in heavily infected malarial areas, than is commonly realized, helps to explain the occurrence of benign tertian and quartan parasites associated with an attack of blackwater fever.
Deeks and James (1911) [22] in discussing the species of parasite found in 230 cases of hmoglobinuric fever found that on sixty-eight occasions this was associated with Plasmodiumfalciparumn. The percentages of parasite findings in cases were as follows: 76'4 per cent. were malignant tertian and 23'6 per cent. were benign tertian. Referring, however, to the past histories of these cases, the same observers found that 87'2 per cent. had suffered from malignant tertian.
Stephens (1913) [30] made a very valuable and exhaustive research into the literature on this subject, which incriminates the malignant tertian parasite, but the figures of Lovelace in 178 cases of blackwater fever give the following percentages for the various species of parasite found: malignant tertian, 48'9 per cent.; benign tertian, 41'6 per cent.; mixed subtertian and benign tertian, 9'6 per cent.
These parasitic findings of Lovelace are in sharp contrast to the findings of Deeks and James, and the findings of other observers, and are explainable by the assumption that he was dealing with double infections.
Quartan parasites have also been associated with an attack of htmoglobinuric fever, e.g., by Stephens (1915) [34].
A study of the literature certainly points to the fact that the species of parasite most concerned with blackwater fever is the malignant tertian, and I would point out that possibly this parasite alone is responsible for the condition, and that in those cases where benign tertian and quartan parasites have been found, they acted only as the excitant of the attack withQut being the primary causal factor in the production of the blackwater fever condition.
Stephens (1915) [34] made an examination of the literature showing the parasitic findings on the day before the on4et, the day of the onset, and the day after. These figures clearly demonstrate that, as a rule, the parasites tend to disappear from the peripheral blood as the haemoglobinuria proceeds. The percentage of positive findings in cases of blackwater as given by Stephens was as follows: before the onset 73 per cent. were positive, on the day of the onset 47 5 per cent. were positive, and on the day after only 23 per cent. showed parasites.
In 1915 Hatori, in twenty-six cases examined before the onset of hemoglobinuria, found 96'3 per cent. were positive and Nakayawa found 85 per cent. positive before the onset. In Rhodesia I found in twenty-three cases examined before the onset Plasmodium falciparurn in every case (i.e., 100 per cent.). In my experience in Rhodesia the parasites and also the pigment rapidly -disappeared as a rule from the peripheral blood with the onset of hnemoglobinuria. In only one case in my series did the parasites remain very numerous throughout the onset, and after death they were found in the internal organs. Dudgeon, in Macedonia, reported similar cases.
In six post-mortem examinations I foun-d crescents in the internal organs of three, and all showed pigment, although sometimes this was by no means abundant. In one case there was'a remarkable absence of pigment, and only after a prolonged search was one crescent found. In five cases in which no parasites were found during the attack of hamoglobinuric fever I found a parasitic relapse varying from five days as a minimum to fourteen days as a maximum after the cessation of heamoglobinuric symptoms. In two of these cases there was certainly no chance of re-infection. An attack of blackwater fever therefore does not necessarily rid the system of parasites although they may be so diminished as to defy detection.
(3) The Clintical History of Malaria.
In 150 cases of blackwater fever in Rhodesia I obtained a history of repeated attacks of malaria and irregular taking of quinine. The predominating type of malaria in Rhodesia is the malignant tertian, causing bilious remittent fever. The characteristics of this infection are a gradually progressing antmia with a remarkable absence of acute symptoms. The patient often never realizes he is suffering from malaria in spite of the fact that an examination of the blood shows parasites. A history of biliousness is common, and often the patients declare they cannot take quinine because it upsets them. A characteristic feature is that the patient continues at his or her work feeling off colour, with! an occasional attack ushered in by a feeling of chilliness, the so-called "touch of fever," for which they take a few doses of quinine, which is quickly abandoned when the acute symptoms disappear. Thus for months the patient goes on gradually getting more and more anemic, and the skin and sclerotics develop a characteristic lemon tint, so well known to medical men in these areas as the forerunner of an attack of blackwater. All of these cases live at least for a certain time under conditions which certainly expose them to nightly infection from mosquitoes. They are infected and re-infected, and as I found that over 95 per cent. of the positive blood films are Plasmodium falciparum it is certain that these patients are living under such conditions as to favour repeated infections each season with this organism.
All the evidence obtained by me strengthened the deduction already made by many observers, namely, that a person must live in an area where tropical malaria is endemic and expose himself to the chances of intense and repeated infections for several months before he develops blackwater fever. I have not time to discuss this further, but this means an incubation period which more or less rules out another causal parasite. In my cases the shortest period of residence was five months in Rhodesia in a patient who had come direct from England.
B6renger-Feraud (1874) Stephens concludes from these figures that blackwater fever shows itself in the majority of cases when the patient has been subjected to repeated malarial infection lasting over a certain time.
In my researches I found it necessary to consider several factors in residents and one of the most important of these was not to find out how long the patient had been in Rhodesia but how long in certain areas. In larger towns such as Salisbury and Bulawayo, &c., the chances of developing black-*water are practically nil. THE GEOGRAPHICAL DISTRIBUTION OF BLACKWATER FEVER AND MALARIA.
I cannou discuss this as fully as I should wish owing to lack of time, but we require to consider several factors. Of these I consider the most important are (1) that malignant tertian must predominate, (2) that the endemic index must be high as evidenced by the figures in the native children, (3) the presence of. a non-immune population living under conditions where anophelism is intense and where prophylactic measures are absent or imperfect. It is the absence of certain of these factors which has given rise to the idea that certain islands and areas, such as Ceylon and various parts of India, are intensely malarious and yet blackwater may be absent or rare. In Ceylon, for example, I found from the figures of S. P. James and Gunasekara (1913) [28] , that quartan formed 71 per cent. of the infections, simple tertian 18 per cent., and malignant tertian 10 per cent., and P. H. Bahr (1913) [29], for another area, gives quartan as also predominating, and malignant tertian as extremely low.
The geographical distribution of blackwater fever is certainly associated with those areas where tropical malaria (i.e., Plasmodium falciparum) predominates, and where the endemic index is high. The tropics of Africa supply such conditions; In order to emphasize this fact I give the laboratory findings from the West Coast of Africa and from the East Coast of Africa, and my own findings in Rhodesia.
WEST COAST OF AFRICA.
Laboratory findings in positive blood films; In both areas, in which Plasmodium? falciparum represents the predominating species of parasite, blackwater fever is endemic. The findings of the various authors vary in the amount of quartan reported, and as pointed out by Macfie and Ingram (1917) [35], probably the personal factor has entered into this as it is well known that malignant tertian asexual forms often closely simulate quartan band forms. The figures given from East Africa are of great interest, as it will be noted that during the war, owing to the introduction of Indian troops, the benign tertian rose in numbers during the years 1916, 1917, and 1918; and with the cessation of these conditions the benign tertian incidence has fallen to its original pre-war position. These figures are interesting from two points of view, in that they show a temporary alteration in the types of malaria, and also that evidently in East Africa the factors are favourable for the transmission of Plasmodium falciparum. In 
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Here, again, during the war benign tertian was introduced but failed to establish itself. Further, in the areas where blackwater exists the endemic index is enormously high both amongst the native children and the white children. I found amongst the native children between two and seven years of age at a single examination that 38 8 per cent. were infected with parasites and that 42'8 per cent. of these positive cases were carriers of crescents. These figures in native children form a sharp contrast to the findings amongst the adult natives where only 2'6 per cent. showed infection. As a further example of the intensity of malaria in certain areas I take four districts and give a table showing the endemic index as estimated by examination of the spleen in European children by Dr paid personal visits to the so-called " blackwater fever houses " and their surroundings. In every instance the condition of living was absolutely favourable to the contraction of intense malaria. I will place upon the lantern examples of such houses. These were situated near breeding places of Anopheles costalis and were in practically every instance unprotected by screening. In many cases no attempts were made to use nets over the beds. Quinine was either used intermittently, despised, or feared as a poison, but curiously enough in spite of this it was usually taken as a last resource. Dr. Fleming and all the medical men in Southern Rhodesia have attempted to instruct the population in antimalarial measures and. the proper method of using quinine, but there are still many who disregard this advice, and follow their own free will, which leads to final disaster. The efforts of the medical section in Southern Rhodesia, however, has resulted in great improvement in the housing and method of living of a large proportion of the population, and this has reduced blackwater amongst the more intelligent classes to a minimum. I was most impressed by the utter disregard for malaria shown by many settlers, and was most depressed at seeing the disrepute into which the most valuable remedy, viz., quinine, had fallen through its being misused and abused. Malignant tertian malaria in Rhodesia is most amenable to quinine, and regular administration of the drug in proper doses results in rapid improvement in the patients. The great error lies in the fact that patients stop using it on the cessation of acute symptoms, and in most cases after the cessation of treatment they are quickly re-infected. It has been abundantly proved that anti-malarial measures reduce blackwater. If, therefore, breeding places of anophelines were destroyed or avoided, houses well built and thoroughly screened, efficient mosquito nets used, and malaria properly treated in the first instance by quinine, I am convinced that blackwater fever cases would be reduced to a negligible quantity. Several houses were abandoned as dangerous to live in, and in 1923 I saw three cases in one house.
ATTEMPTS TO DISCOVER A SPECIFIC CAUSAL ORGANISM.
The earliest observers regarded haemoglobinuric fever as a symptom occurring in severe malaria but numerous attempts have been made to find another causal organism. Sambon (1898) [12, 13] believed that blackwater was a disease apart from malaria, and Manson (1892 and 1893) [9,10] was inclined to support the same view. The similarity between blackwater fever in man and redwater in cattle led to the belief that an organism related to the genus Babesia might be responsible for the production of halmoglobinuric fever. No evidence, however, has been produced to show that man is ever infected with Babesia. Recently, Wright (1920) illustrated babesia-like organisms from the blood of blackwater fever cases, but these were simply forms of Plasmzodiunmfalciparutm. This year, in Rhodesia, I continually encountered pear-shaped malignant tertian parasites which, by cultural methods, were easily proved to be simply morphological variations of the asexual forms of Plasmodiurn falciparqum. Various bacteria have been suggested as possible causal organisms, e.g., Bacillus coli communis (Yersin 1895), Bacillus megatheriumn (Collet 1904) [17] , and Bacillus perfringeus (Fairley and Dew 1920) [42] , but all of these may be simply considered as accidental organisms associated with the conditions. In 1912 Leishman [25] drew attention to certain bodies in the larger endothelial cells which he thought might be parasites of blackwater fever, and brought forward the Chlamydozoal hypothesis, but these bodies were shown to be non-organismal in origin. Coles (1913) [26] described bodies few in number in the peripheral blood but according to Low and Wenyon these were artefacts.
Other organisms have been associated with blackwater fever and very probably have acted as exciting agents without being actually the causal organism. Ashburn, Vedder and Gentry (1912) described relapsing fever spirochaetes in one case and Cook (1913) [31] found the same spirochwtes associated with four cases of hamoglobinuric fever.
Schiiffner ( 1918) [36] found numerous Leptospira in a case and these were morphologically identical with Leptospira icteroha?morrhagie. These he named Leptospira icterohmmoglobinuria. Plasnroditm falciparumn was also found. In 1920 Noc [41] and Esquier described spirochaetes in the liver of a fatal case, and also Plasmodiumn falciparun.
Napier (1913) suggested syphilis as the predisposing cause. Yorke (1909), Arkwright and Lepper (1918) [37] , and Dudgeon (1920) [44] however, showed that this condition is not the causal factor of the disease. Spirochates have also been suspected as the causal organism of blackwater fever and more attention has been devoted to this since the discovery of Leptospira icterohemorrhagie and Leptospira icteroides. Blanchard and Lefrou (1922) [48], using special technique, announced the discovery of spirochates associated with blackwater fever which they have named Spirochaeta biliohamoglobinurie. J. G. Thomson (1923) attempted to confirm their observations in fifteen cases in Rhodesia without success, using the technique described by Blanchard and Lefrou. Thomson found pseudo-spirochaetes by dark-ground illumination or staining, and he emphasized the fact that these must not be mistaken for true spirochsetes. Later, Low and Duncan (1923) in one case also failed to demonstrate any spirocha3tes by the same technique. Blanchard and Lefrou (1924) still uphold the view that the organisms seen by them were true spirochaetes, while Knowles and Das Gupta (1924) [53], working in India, encountered pseudospirochsetes in dengue and drew attention to the fact that they can be mistaken for true organisms. Dr. Connal, Director of the Laboratory at Lagos (1923), in a private communication, now in£orms me that he can only find pseudospirochaetes in his cases. I am therefore justified in saying that so far no one has brought forward sufficient evidence that a spirochaete is the causal organism of blackwater fever, although it is possible that syphilis, relapsing fever, or acute infective jaundice might, in the presence of malaria, act as an exciting cause. Dudgeon (1920) [44], in Macedonia, and I myself in Rhodesia, failed to demonstrate spirochtetes in the serum, the urine, or the tissues. It might be asked, " Is the causal organism an ultra-microscopic one and a filter passer?'" Here again no evidence has been collected. I inoculated fifteen guinea-pigs from fifteen separate cases of blackwater in Rhodesia and no symptoms appeared, and further, sub-inoculations from these were also negative. This, of course, is only negative evidence. Dudgeon also obtained negative results from injecting the urine of haemoglobinuric fever into animals. A more interesting experiment is that of Blacklock (1923) [511 who injected the blood of a severe case of blackwater into a healthy European with negative resplts. While it has been usual to regard only one species of parasite in benign tertian and one in quartan, ever since the study of the parasite commenced, difficulties have arisen regarding the malignant tertian. Grassi and Feletti' described three species of parasite associated with the latter condition, viz., HaTmamceba pr.ecox (or pigmented quotidian), Hamnamceba immvaculatum (nonpigmented quotidian) and Laverania malariav (the parasite associated with crescents). Since then, however, study of the morphology of the malignant tertian has shown that there is not enough evidence to form these three. species, and it has generally become accepted that there is only one species, viz., Plasmodium falcipariur (syn. Laverania malariw). Stephens (1914), however, described peculiar "tenue" forms in large numbers in a case from India, and more recently Sinton (1922) [47], from the same area as Stephens, described a similar case.
Sinton further showed in his case that when examined shortly after schizogony the. parasites showed the typical rings usually associated with malignant tertian, but from the twenty-sixth to the thirty-second hour after schizogony the "tenue" forms appear in large numbers. Sinton, in his description of this parasite, shows that it varies enormously in size according to the age in the peripheral blood, and also shows great morphological variations. The youngest rings are 1'5 ,u' to 2'5 f, in diameter. In ten to twelve hours they measure 265 IA to 3 /.t, and later 3 ,u to 3'5 p, and malignant stippling appears. The youngest rings show the typical two dots of chromatin, and ,, accole' " forms are also seen. Later, large oval and tailed forms are seen and also banded forms. Craig (1921) [45] described two species of malignant tertian, viz., Plasmnodium' falciparumn with rings 2 to 3 p in diameter, and Plasmbodium falciparutn quotidianum, Craig, 1909, in which the youngest rings are only 0 5 , in diameter. We have thus various species of malignant tertian malaria described differing in ste, morphology, and in the clinical symptoms produced, but it is doubtful if they are really true species or merely varieties of the same species. There is no doubt that malignant tertian varies enormously in its clinical manifestations, but these can be attributed to degrees of virulence and to variations in the resistance in the host infected. In Southern Rhodesia, therefore, I carefully studied the morphology of the malignant tertian parasites by taking films from cases shortly after schizogony until the asexual rings disappeared, from the peripheral blood. I obtained cultures from eighteen cases, two of which afterwards developed blackwater fever. The merozoites were approximately 075 ,Ak long. The youngest rings in the peripheral blood are about 165 P,u and these gradually increase in size to 265 p,F 3 p', 3'5 F' and even 4 , in diameter. It is extremely difficult to estimate for how long the rings remain as such in the peripheral blood, but from cultural observations it is about twenty to twenty-four hours. The time may be shortened or delayed. In the Rhodesian cases malignant stippling appears when the rings are 3 to 3'5 F in diameter, and at the same time the chemical reaction of the hemoglobin or stroma of the red cells changes, as can be seen by its staining reaction. This changed chemical characteristic of the red cell I consider of great importance in the production of blackwater fever. The infected cell stains a much darker pink colour in contrast to the surrounding non-infected corpuscles. In benign tertian the' corpuscle enlarges and becomes paler owing to the loss of ha%moglobin, and in quartan malaria the red cell is practically filled with the schizont, no hemoglobin being left. This peculiar alteration in the chemical composition of the red cell in malignant malaria was noted by Stephens and Christophers, Christophers and Bentley, Maurer, &c., and produces the socalled brassy colour of the corpuscle. In my cultural experiments in Rhodesia I again noted the massing of the parasites into clumps as soon as pigment commenced to collect.' Maclay, in Macedonia (1922) , observed that the clumping took place round mononuclears, and my cultures showed this in a remarkable manner, as illustrated in the figures shown on the epidiascope and in the preparations under the microscopes. The chief points of interest therefore distinguishing malignant tertian from benign and quartan lie in the fact that at a certain stage the parasites agglutinate and stick to the endothelial cells of the capillaries, causing them to be retained in the viscera, and producing the peculiar chemical alteration in the containing red cells.
I was quite unable to note any difference morphologically between the parasites in blackwater fever cases and those occurring commonly in malaria in Rhodesia. That the morphology of this parasite varies enormously can be seen by the figures shown on the lantern. In these we see the small typical rings, "accol " forms, large rings, oval forms, tailed forms, "ipiroplasma" forms, band forms and occasional " tenue " forms. Pernicious stippling only appears as the rings enlarge and the corpuscles become brass-coloured.
EXPERIMENTS TO DEMONSTRATE THE PRESENCE OF AN AUTOLYSIN. A considerable amount of discussion has taken place and opinions vary as to the true nature of the haemolysis in haemoglobinuric fever. In spite of the difficulties attending the demonstration of a true himoglobinaomia, owing to the fact that extravascular lysa3mia may give rise to errors, it has been abundantly proved that heamoglobinuria in blackwater fever is preceded by hbmmoglobinemia. Christophers and Bentley (1908) [18], Barratt and Yorke (1909) [19], Arkwright and Lepper (1918) [37] , and Dudgeon (1920) [44] , all agree that a true hmoglobinaemia precedes the hbamoglobinuria. In order to demonstrate this condition it is necessary to examine the plasma at the right moment, as the haemoglobin rapidly disappears from the serum during the onset of blackwater, and this would account for the negative results obtained by many observers. This year, in Rhodesia, I was able to satisfy myself that hsemoglobinuemia does occur, and I found evidence of this in nine cases, in one of which the plasma was a deep red (h.Tmoglobin = 3'2 per cent.).
The hemoglobin rapidly disappeared from the peripheral circulation. Barratt and Yorke (1909) [19] experimentally established the fact that injections of haemoglobin into a vein will produce habmoglobinuria and even suppression, and further Yorke and Nauss (1911) [21] and Barratt and Yorke (1912) [23] showed that acute symptoms occurred comparable to those in blackwater fever, which are probably due to substances derived from the stromata of the red cells.
From the above experimental observations we may accept the following facts (1) That hamoglobinuria is preceded by hbemoglobinemia.
(2) That the severe symptoms of blackwater fever are due to the presence of the haemoglobin and the stromata of the damaged red cells.
(3) That the suppression is mechanical, due to hamoglobin insolution as well as to the debris of stromata of red cells.
The high temperature during an acute attack of blackwater fever is not entirely;due to malaria. I had abundant evidence of this in Rhodesia. The temperature does not react to quinine and is undoubtedly due to the toxic action of the haemoglobin and the products of the stromata of red cells. Probably also this severe toxic condition is assisted by the broken-up proteids of endothelial cells, &c. A. Plehn (1920) [43] supports the theory that the haemolysis is due to the loss of epithelium and basement membrane of the kidney, thus bringing the red cells into contact with the urine, which provokes the haemolysis. No evidence for this theory, however, exists, and it fails to explain the hwmoglobinaemia.
My own work in Rhodesia convinces me that the hemolysis as seen in blackwater fever is due to the same phenomena as seen in a serum haemolysis. The experimental work of the production of hiemoglobinuria by the injection of specific serum hwemolysins is well known (vide Christophers and Bentley, Dudgeon, &c.), but although a serum hoemolysin is injected which is capable iz vivo of producing a lysaemia continuing over a period of several days, it has been found impossible to demonstate the presence of such a haemolysin in vitro. Browning (1913) [27] points out that the failure to obtain a positive haemolytic effect in vitro does not afford conclusive evidence as to the absence of a haemolytic mechanism. Further, Ameuille (1918) [38] and his colleagues have shown that an antihemolysin may be present.
EXPERIMENTAL WORK ON H2EMOLYSIS IN RHODESIA.
With the help of Dr. Orpen I performed a number of experiments which confirmed the work of others in that we were unable to demonstrate autolysins in blackwater fever, using the Eason-Donath-Landsteiner technique. In blackwater fever, therefore. there is no autolysin detectable comparable to that which occurs in paroxysmal haemoglobinuria.
We resorted to cultural methods of malignant tertian parasites. While doing this work I noted that if a culture was prepared from a patient during the rise of the temperature which corresponds to schizogony a distinct haemolysis invariablv takes place in the tube during incubation, and, further, that in such cases the parasites do not develop. Simpson (1912) [24], while working with benign tertian, also found evidence of a heemolysis during schizogony. It is probable that this hmolysis can only be detected at very definite periods and the power of demonstrating it in the blood during the progress of the disease quickly vanishes.
The fact that a hamolysin may be detected at certain periods is encouraging, and more work on this subject is necessary, but it must be remembered that in such experiments fallacious results occur, and the technique must be conducted with great care and each experiment carefully controlled.
Dudgeon (1920) [44], by using alcohol and acetone, made tissue extracts from a few cases of blackwater fever, which he found to be powerfully hamolytic. Here again, however, Browning points out that in using powerful extractives substances may be produced which have no existence as such in living tissues. SPECIFIC HEAMOLYSIS THEORY.
The evidence in favour of the production of a serum hlemolysis in black' water fever is very strong, and the chief points in favour of this are the haemoglobinaemia, the presence of shadow red cells, the sudden onset of symptoms. The inability to demonstrate the haemolysis in vitro also shows a strong similarity to this condition. There is no evidence that the haemolysis is of the nature of a cobra lecithid, in fact the evidence is to the contrary, as evidenced by the presence of shadow cells. Furthermore, in spite of the good results obtained by Boy6 in using Calmette's antivenom in treatment of blackwater fever, I found the treatment of no use in Southern Rhodesia.
Before concluding, I should like to point out that blackwater fever is associated with malignant tertian malaria of several months' duration, and that while we are unable to conclude' definitely that there are different species of this parasite, nevertheless it is evident that strains vary in their virulence. In Rhodesia repeated infections with this parasite produce a chronic condition of low fever, which is well named bilious remittent. The malignant tertian, as associated with blackwater fever in Rhodesia, after about twenty-four hours definitely alters the chemical composition of the corpuscle, and I suggest it is the continued breaking down of these corpuscles; so altered, which produces the antigen necessary to form a specific autolysin to them. We might regard these altered corpuscles as a foreign substance, and the gradual action of these over a period of months produces the autolysin. The same alteration in the corpuscles does not occur in benign tertian or quartan. This-theory explains why the condition is associated with malignant tertian and, further, it would explain the action of quinine as a precipitating factor, owing to the fact that its administration liberates antigen, which, in the presence of a specific haemolytic amboceptor and complement, produces a sudden onset of haemolysis.
DISCUSSION.
Professor L. S. DUDGEON (President) said that he regretted Dr. Thoinson had not referred to the pathology of the disease, more especially to the spirochgetal theory, in which he had little belief. He did not consider that during the hanloglobingemia destruction of the parasites occurred from the same cause as the lysis of red cells, also he denied that they were difficult to find at this period in the peripheral blood. He had had no difficulty in finding parasites in the blood under such circumstances; and also if muscle was examined at the site of an intramuscular quinine injection, although tissue-necrosis was fully developed and lysis of red cells had occurred, yet the parasites could be seen apparently unaffected, or, at any rate, not destroyed. He thought that the term " immunity " in malaria was used much too freely, often without any intelligent meaning. Many patients referred to as " immune " were really suffering from the ill-effects of the disease and showed many of its worst manifestations.
Dr. G. C. Low said that Dr. Thomson's paper was of great interest, but most of the facts which he had brought forward were of course well known many years ago, and he (Dr. Low) was a little disappointed that no mention had been made of what actually brought about the hamolysis. More might also have been said about the geographical distribution of malaria and blackwater fever. There were areas in the tropics in which there was abundant malignant malaria of virulent type, and yet practically no blackwater fever. Why should this be so? It meant that there was some other factor behind the malaria which precipitated the actual hfemolysis. All were agreed that it was necessary that malaria must be undergone before one could succumb to blackwater fever, but the point for future investigators to elucidate was the unknown factor producing the heemolysis. All, again, knew that chills and debilitating diseases were often responsible for the onset of blackwater fever, but yet these conditions did not produce blackwater fever in some of the intense malarial zones of the earth, such as Trinidad and British Guiana.
There were many other interesting problems yet to be solved in the study of this disease. The local indigenous native apparently escaped, but yet natives from India, Barbados, and other localities, when brought to Africa often developed blackwater fever and died of it.
Sir WILLIAM PROUT remarked that he also would have been glad to hear more of the hsemolytic properties in blackwater fever, as he felt that the association with intense malaria was now generally accepted. He, himself, had published a paper many years ago drawing.attention to the relationship of malaria to the rainfall on the Gold Coast, but he thought that a seasonal relationship of blackwater fever could not be shown in the same way, as the number of cases were too small from which to draw correct statistical inferences.
He considered that there was a definite form of quinine hiemoglobinuria, and that the drug was one of the exciting causes of blackwater fever. He knew of several cases in which hEemoglobin could be produced by comparatively small doses of quinine, but he would emphasize the point that quinine only produced hlemoglobinuria where there had been a precedent and frequently a prolonged infection with malaria. In those cases a condition of the blood cells resulted which caused them to be readily hiemolysed.
He had never known or heard of a case where quinine produced hemoglobinuria in a healthy individual, even in large doses. He drew attention to the paradoxical fact that efficient quinine prophylaxis actually prevented the onset of blackwater fever by inhibiting the chronic infection which predisposed to that disease, and he thought that deductions about quinine prophylaxis could not be drawn from results based on war conditions-in Salonika, for example.
He suggested that investigations as to the causation of blackwater fever should be directed not to actual cases of that disease, as the condition had then been established and the mischief had been done-but to the cases of chronic malarial infection, especially with sub-tertian. Experiments with the blood in those cases might throw some light upon the causes of heemolysis. Dr. A. POWELL said that nearly all observers were agreed with Dr. Thomson that malaria, probably malignant malaria, was an essential factor in the causation of blackwater fever, but he had hoped for some light to be thrown on the other essential factors, for such there must be. Why was blackwater fever chiefly restricted to certain races ? Why was it entirely confined to certain malarial districts while other regions with millions of cases of malignant malaria each year never had a single case of blackwater? In India, for instance, blackwater was confined to certain limited areas such as the Terai, the Duars, the jungles of Burma, and the foot of the Kasiya and Cachar Hills, where he had seen the first cases reported in India. In the Punjab, Scinde, the Deccan, and many other districts, there were millions of cases of malignant malaria, but none of blackwater.
In Bombay city alone he estimated there were at least a quarter of a million cases of malaria annually. During his stay in the city he had found malarial parasites in over 18,000 cases, about 40 per cent. of which were malignant. It might therefore be concluded that there were a hundred thousand cases of malignant malaria annually in the city, yet there was no indigenous blackwater in either European or Indian. During nineteen years in Bombay he saw six cases of blackwater, one from Burma, five from Africa, none indigenous.
